A fluorescent hydrogel-based flow cytometry highthroughput screening platform for hydrolytic enzymes
High-throughput screening formats play a pivotal role in directed evolution experiments and enzyme discovery. A high-throughput screening system based on the formation of fluorescent hydrogels (Fur Shell) around E. coli cells expressing an active form of the enzyme was established for phytase. Later on, the screening platform was advanced into a general Fur Shell based screening toolbox for directed evolution of hydrolases. Cells expressing active hydrolase generate ß-D-glucose from glucose derived substrates ( Fig. 1A ) which is converted by glucose oxidase under hydrogen peroxide production ( Fig. 1B) . Hydrogen peroxide initiates a fluorescent hydrogel formation around E. coli cells expressing active hydrolase variants (Fig.  1C ). Hydrogel formation was confirmed by SFM measurement, which shows the formation of wrinkled structures on the surface indicating existence of a small polymer brush. E. coli cells expressing the active enzyme exhibit pronounced and significantly more heterogeneous features in the surrounding polymer shell. This was in agreement with results obtained by confocal microscopy in which E. coli cells expressing the active enzyme appeared as fluorescent compared to negative cells (faint fluorescence). The screening platform was validated by screening 10 million events in a single round of phytase directed evolution and the library was enriched to 89 % active variants in one round of sorting. The best isolated variant M1 showed 97 U mg -1 higher specific activity compared to the phytase wild type. The presented technology enables screening of 1.8 x 10 7 events per h; additionally it is easy to use and time efficient in comparison to other flow cytometry based screening systems. The principle of the Fur Shell technology can be adapted to other enzyme classes and has the potential to become a standard screening format in directed enzyme evolution. High throughput enabled by this technology will allow exploring novel mutagenesis strategies and sampling through a protein sequence space even for a very short peptides. In addition, the presented platform is attractive for application in biobased interactive materials since it offers E. coli directed polymer capsule formation. Pitzler, C., Wirtz, G., Vojcic, L., Hiltl, S., Böker, A., Martinez, R., & Schwaneberg, U. (2014) . A Fluorescent Hydrogel-Based Flow Cytometry High-Throughput Screening Platform for Hydrolytic Enzymes. Chemistry & biology, 21(12) , 1733-1742.
